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The emergence of new tobacco products in the marketplace over the past several years has contributed to changing patterns of tobacco use in the United States (US). Approximately 40% of youth and adult tobacco users in the US used multiple tobacco products (polytobacco use) in 2013-2014. 1 Diverse factors associated with polytobacco use in the US include younger age, male sex, lower levels of educational attainment, binge-drinking, prior quit attempts, later onset of first tobacco use, first use of tobacco being a noncombustible tobacco product, and high sensation-seeking. [2] [3] [4] [5] [6] Different factors may be associated with different polytobacco use patterns, as suggested by an analysis of 2012 National Youth Tobacco Survey (NYTS) data that found that as the number of tobacco products used increased, nicotine dependence and perceived peer tobacco use increased and quit intentions decreased. 7 Some combinations of tobacco product use may be driven by addiction or experimentation, whereas other combinations, such as cigarettes with electronic nicotine delivery systems (ENDS) or smokeless tobacco, may reflect partial substitution of cigarettes with another product perceived as less harmful or as a tool for circumventing smoke free laws. 7 Although studies are reporting high rates of concurrent use of multiple products and increasing rates for some product combinations, [1] [2] [3] [4] [5] [6] [7] there are gaps in our understanding of the implications of polytobacco use on dependence, exposure to tobacco toxicants, and subsequent health consequences. Polytobacco users have been shown to have higher levels of nicotine dependence than nonusers or single product users. [7] [8] [9] In a study of nicotine dependence among US adults drawing from the Population Assessment of Tobacco and Health (PATH) Study, high nicotine dependence was two to three times more likely among polytobacco users relative to dual and single product users. 9 Analyses of data from the National Health and Nutrition Examination Survey (NHANES) have yielded varied associations with biomarkers of exposure to tobacco toxicants that are dependent on type and quantity of tobacco products used. 10 Studies in this area are equivocal with results from another NHANES study suggesting that dual cigar/cigarette smokers may have higher levels of cotinine and biomarkers of harm than cigar-only users, but slightly lower levels than cigarette only users. 11 Another study reported that cigarette plus other tobacco product users had lower nicotine and carcinogen levels relative to exclusive cigarette smokers. 12 These conflicting results suggest that additional research is needed to better understand how the frequency of use and type of products that are being dual and poly used may impact associations with levels of biomarkers of nicotine and exposure to carcinogens.
The focus of this themed issue is on understanding polytobacco use and its implications for perceptions, use, dependence, appeal, and toxicity that may inform tobacco regulation. The 2009 Tobacco Control Act (TCA) 13 gave the US Food and Drug Administration (FDA) authority to regulate tobacco product manufacturing, distribution, and marketing, which immediately applied to cigarettes, cigarette tobacco, roll-your-own, and smokeless tobacco. Effective August 8, 2016, 14 the FDA extended the TCA to include ENDS (inclusive of e-cigarettes and vape pens), all cigars (cigarillos, filtered cigars, and traditional cigars), hookah and pipe tobacco, nicotine gels, dissolvables not already under the FDA's authority, and future products that meet the definition of a tobacco product. With this regulatory authority, research interest areas important to tobacco product regulation have become a priority, such as understanding the effect of tobacco product characteristics on addiction and abuse liability, understanding the short-and long-term health effects of tobacco products, and understanding the knowledge, attitudes, and behaviors related to tobacco product use and changes in tobacco product characteristics. 15 This preamble provides an integrated synthesis of the studies included in this special issue and potential implications of findings from these studies for advancing tobacco regulatory science.
Knowledge, Attitudes, and Behaviors
Among studies examining knowledge, attitudes, and behaviors (KAB), an overarching theme is the transient nature of tobacco product use among youth and young adults. users (aged 14-28 years) and identified immediate craving reduction as a key reason for LCC users to smoke a cigarette, whereas social and financial reasons were important for cigarette users to smoke a LCC. 16 Mead et al. used ecological momentary assessments to investigate reasons for dual use of cigarettes and cigars among African American young adults. 17 The authors found that cigars and cigarettes are smoked additively, rather than by substitution. Moreover, cigars (used exclusively or with cigarettes) are more likely to be used with others and inside others' homes, whereas cigarettes are more likely to be smoked while alone. 17 Studying youth in North Carolina (NC), Osman et al. found variation in single, dual, and polytobacco use by race/ethnicity over three time points from 2011 to 2015, including variation in the types of tobacco products and combinations used. 18 White and Hispanic youth were found to have higher relative risk for dual and polytobacco use than Black youth; and although types of tobacco products used varied by year and race, in 2015 e-cigarettes were the most commonly used product among single product users from all racial groups in this NC youth sample. 18 Studies on youth also aimed to identify different tobacco product use patterns and characterize the risk profiles of adolescents. Cho et al. followed California high school students in a five-wave longitudinal survey and identified three profiles: (1) tobacco nonusers; (2) polyproduct users with moderate tobacco use prevalence who showed an escalating prevalence of combustible cigarette use but decreasing trajectories of e-cigarette and hookah use; and (3) chronic polyproduct users with the highest prevalence of all tobacco use over time who showed escalating trajectories of combustible cigarette and e-cigarette use. 19 Compared with tobacco nonusers, both polytobacco use groups were associated with increased levels of alcohol, marijuana, and illicit drugs use as well as severity of depression, anxiety, and ADHD. 19 Sutter et al. analyzed weighted data from the 2013 Virginia Youth Survey and identified five classes of use ("Chippers"-low frequency cigarette use, "Moderate Poly-Users," "Cigar Users," "Smokeless Tobacco (ST) Users," and "Heavy PolyUsers"-daily cigarette use, moderate-high probability ST/cigar use) that differed significantly by demographics but not consistently by other tobacco-related factors. 20 Heavy Poly-Users were more likely to engage in other substance use, report suicidal ideation, and report being bullied due to gender. 20 Using data from the 2011-2015 National Youth Tobacco Survey (NYTS) and corresponding years of the Truth Initiative Young Adult Cohort Study (TIYAC), Johnson et al. reported the most common patterns of past 30-day nicotine and tobacco use over a 5-year period. 21 Among youth, exclusive cigarette use, exclusive cigar use, exclusive e-cigarette use, dual use of cigarettes and cigars, and exclusive hookah use were the top five patterns. 21 Young adult top five patterns were similar to youth (exclusive cigarette use, exclusive cigar use, dual use of cigarettes and cigars, exclusive hookah use, and dual use of cigarettes and e-cigarettes). 21 Adding to the youth studies in this special issue that identified distinct patterns of polytobacco use, Mantey et al. analyzed correlates of different youth patterns using the 2014 NYTS that revealed product marketing exposure was significantly associated with a greater relative risk of dual and polytobacco use, relative to single product use. 22 The magnitude of the positive relationship between cumulative tobacco product marketing exposure and number of tobacco products grew from single product to dual/polytobacco use. 22 Emerging evidence highlighted in this special issue provides insight into correlates of polytobacco use that should be considered when developing prevention messages and interventions for addressing different tobacco products and use patterns.
Among two studies examining adult patterns of polytobacco use in this special issue, Jones et al. compared dual smokeless and cigarette users with exclusive cigarette smokers using nationally representative data from 2015 to 2016 and found that cigarette smokers who use smokeless are more likely than exclusive smokers to attempt to quit smoking cigarettes using other tobacco products. 23 Kurti et al. analyzed PATH Study data (Waves 1 and 2) to examine how patterns of tobacco product use change among reproductiveaged women over time and when transitioning either into or out of pregnancy. 24 Results indicated that, regardless of pregnancy status, patterns of use involving more products were less stable over time, with dual and poly users generally dropping rather than adding products across waves. 24 This study also identified that for all women, regardless of pregnancy status, cigarettes were the most common product used and that the majority of polytobacco use included cigarettes plus at least one additional product, with women generally discarding the alternative tobacco product over time and continuing to smoke conventional tobacco cigarettes.
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Addiction and Toxicity
Research is needed to inform our understanding of how tobacco products and changes to tobacco product characteristics affect their potential to cause addiction and subsequent morbidity and mortality. Another group of papers in this special issue focuses on issues of addiction and toxicity within polytobacco use. Analyzing Wave 1 PATH Study data, Kypriotakis et al. performed Latent Class Analysis (LCA) to identify four patterns of tobacco use and examined the association between these patterns with a set of covariates representing socioeconomic status, dependence/addiction, past quit attempts, and withdrawal severity. 25 Results showed that exclusive cigarette users were more likely to be older and female, and experience higher dependence and greater withdrawal symptoms. 25 In contrast, users of e-cigarettes and hookah were the youngest and most educated of all four use groups and showed the lowest dependency and least withdrawal symptoms. 25 Sung et al. analyzed patterns of tobacco use and dependence items from 2012 to 2013 and 2013 to 2014 of the National Adult Tobacco Surveys and found that after controlling for frequency of use and demographic covariates, dependence ratings were higher among polytobacco users compared with exclusive tobacco users and this finding was consistent across all symptom measures for each category of tobacco user. 26 Focusing on the products themselves, Reilly et al. examined two brands each of little cigars and filtered cigars, as well as two research cigarettes for carbonyl delivery and found that cigar smokers are exposed to higher levels of carbonyls per cigar than cigarette smokers per cigarette. 27 These data advance an understanding of the potential relative harm from carbonyl exposure for cigar-only smokers and the cumulative harm among the population of cigarette-cigar polytobacco users.
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Summary and Implications
The population health impact of polytobacco use is unknown as researchers are still grappling with how to accurately measure and understand different and dynamic patterns of use across products and the associated health impacts. Of the 12 papers in this issue, 6 of the papers defined polytobacco use simply as any use of two or more tobacco products within the past 30 days. 18, [20] [21] [22] [23] 26 Four other papers used different time-based ranges, one looking at past-week cigarillo and cigarette use, 16 one looking at past 6-month use of cigarettes, e-cigarettes, and hookah, 19 and the other two papers defined polytobacco use as currently using more than one product every day or some days. 24, 25 The remaining two papers do not fit into these categories as one does not define use because they studied the products themselves 27 and the other used ecological momentary assessment methods to assess frequency (days smoked) and amount (products smoked per day). 17 As definitions and analytic approaches evolve, results across studies should reveal whether definitions such as concurrent past 30-day use are the most appropriate measures to fully understand the impact of polytobacco use on nicotine dependence, smoking cessation, individual-level health effects, and net population health impact.
Across these studies, the growing prevalence of polytobacco use is noteworthy, with patterns of use and psychosocial predictors dependent on age group and the specific products being used within the same time period. Many gaps remain in what is known about the consequences of multiple tobacco product use on short-and long-term health effects. The same is true concerning abuse liability as the availability and appeal of a wide variety of products may assist smokers in avoiding bans and deter cessation or may provide access to noncombusted forms of nicotine that offer potentially less harmful exposure than combustible tobacco. Although studies in this area are elucidating patterns of polytobacco product use, research is needed to better understand how the intensity and frequency of each product used in a polytobacco use combination is associated with behavioral outcomes. Analytic approaches that take into account varying patterns and types of polytobacco use may provide valuable insight into the ways consumers are using multiple tobacco products to indulge curiosity, maintain addiction, or substitute products for perceived harm reduction or smoking cessation. Attention to these complex associations in the current dynamic tobacco marketplace will advance tobacco regulatory science and accumulate robust empirical evidence on the public health impact of polytobacco use.
